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DUPIiEXER DIEI£CTRIC FILTER 



BACKGROUND OF THE INVENTION 



5 Field of the Invention 

The present invention relates, in general, to duplexer 
dielectric filters and, more particularly, to a duplexer 
dielectric filter having an open area free from a conductive 
layer on the side surface of a dielectric block within a 

10 reception area, thus reducing the loading capacitance and 
increasing the coupling capacitance between neighboring 
resonators, and thereby producing a desired small-sized 
duplexer dielectric filter. 




15 Description of the Prior Art 

As is well / known to those skilled in the art and the 
general public, mobile communication systems using super high 
frequency band I waves have been largely substituted for 
conventional wir/e communication systems. Therefore, cellular 
phones are widefLy used and are subjected to active research 
and developmei/t(^ to improve their operational performance and 
keep up with tjfte recent trend toward compactneg s, smalj^ess 
and lightness thereof. 

A duplexer filter is designed to commonly transmit and 
25 receive signals using one antenna at the same time. Such a 
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duplexer filter comprises a reception filter and a 
transmission filter • The reception filter passes reception 
frequency components, but suppresses transmission frequency 
components. On the other hand, the transmission filter passes 
5 transmission frequency components, but suppresses reception 
frequency components- In order to use such duplexer filters 
in cellular phones, it is necessary that said duplexer filters 
be made to occupy a very small space. Such an object may be 
3 accomplished by integrated duplexer dielectric filters. 

^ 10 Fig. 1 is a perspective view showing the construction of 

=[ a conventional integrated duplexer dielectric filter. As 

4J shown in the drawing, the conventional integrated duplexer 

dielectric filter comprises a dielectric block 1 having a 

M 

ffl generally cubic-shape. This duplexer dielectric filter has 

I y 

=p 15 two filtering areas: a transmission area 10 and a reception 
p area 20. The dielectric block 1 has an upper surface 3, a 

lower surface, and a side surface 5. A conductive material is 
coated on the lower surface and the side surface 5. A series 
of resonating holes 7 are regularly and parallely formed in 
20 the dielectric block 1 in such a way that the holes 7 
completely extend from the upper surface 3 to the lower 
surface and are spaced apart from each other at regular 
intervals. The resonating holes 7 are entirely coated with a 
conductive material on their internal surfaces, thereby 
25 forming desired resonators. 
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A conductive pattern 97 having a predetermined size, is 
formed on the upper surface/ 3 of the dielectric block 1 at a 
position around each of /the resonating holes 7. Such 
conductive patterns 9 are /connected to the conductive layers 
on the internal surfaces/ of the resonating holes 7, thus 
forming a loading capacitance between the resonating holes 7 
and the conductive layer/ of the side surface 5, and forming a 
coupling capacitance between neighboring resonators. The 
resonance frequency of /the resonators is determined by both 
10 the resonating holes 7 /and the loading capacitance, while the 
coupling capacitance douples the resonators to each other. 
The transmission area/ 10 and the reception area 20 of the 
upper and side surfacis-\3 and 5 of the dielectric block 1 are 
provided with transmfesion and reception terminals 12a and 12b 
15 for accomplishing v^he signal transmission and reception 
operation. An arjtenna terminal 12c, consisting of a 

conductive pattern, | is formed at a position between the 
transmission and recjeption areas 10 and 20. 

Fig. 2 is an equivalent circuit diagram of the duplexer 
dielectric filter of Fig. 1- In the drawing, the reference 
character '"R" denotes /transmitting lines, each of which is 
^ always opened at one^^^d thereof by an associated resonating 
hole 7 of the dieJ/ect/yic block 1, The loading capacitance 
Cti, Cri (i = 1, / • formed between the resonating 

25 holes 7 and the conddBfiive layer on the side surface 5 of the 
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dielectric block 1, i 



5 connected to the open ends of the 



signal transmitting lilies. A desired resonating circuit is 
formed by both the s/gftial transmitting lines Rti, Rri (i = 1, 

'3 t 

2, ^. . . ) and the load:|ng capacitance . 

In a conventional duplexer dielectric filter, it is 
necessary to accomplish bo:h desired signal transmitting 
characteristics within a t::ansmission frequency band and 
desired attenuation characteristics within a low frequency 
band- The desired transmisaion characteristics within the 
transmission frequency band are determined by a coupling of 
the resonance frequency of the resonators, determined by both 
the signal transmitting lines Rti, Rri and the loading 



3, 
'A 



45 Mrij (i. 



= 1, 2, 



) 



capacitance Cti, Cri, the coijpling capacitance Ctij, Crij (i, 

3 



= 1, 2, ^. . .) f and electfromagnetic coupling values Mtij, 



) 



The desired attenuation 



characteristics within the l^^T^f requency band are determined 
by a coupling. That is, botl?^ the attenuation characteristics 
and the frequency of - an atteiiuation pole are determined by a 
combination of the coupling cjapacitance and magnetic coupling 
20 values . 

In the conventional duplexer dielectric filters, the high 
frequency band within the transmission area is relatively 
lower than that of the reception area. Therefore, the 
electric field effect between the resonating holes is 
25 relatively higher within the reception area than that of the 
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transmission area, but the magnetic field effect between the 
resonating holes is relatively higher in the transmission area 
than that of the reception area. Therefore, the resonators 
within the reception area form a capacitance coupling, but the 
resonators within the transmission area form an inductance 



coupling. ^ \ 

In such a conventional duplexer dielectric filter, the 

. A 

determination of the I resonance frequency or the coupling 



K 

J %} between the resonators! are changed in accordance with the size 
10 of the conductive pattlerns 9 formed on the upper surface 3 of 
the dielectric block/ 1. In other words, the operational 
characteristics of thi duplexer dielectric filters are changed 
in accordance witl/i both the gap between the conductive 
patterns 9 and the comductive layer of the side surface 5, and 
15 the gap between the Conductive patterns 9. 

As described above, in order to determine the resonance 
frequency of the duplexer dielectric filter, it is necessary 
to control the distance between the conductive patterns 9, 
formed on the upper surface 3 of the dielectric block 1, and 
20 the conductive layer formed on the side surface 5 of the 
dielectric block 1. However, in a conventional duplexer 
dielectric filter, the resonance frequency within the 
transmission area is lower than that of the reception area, 
and so it is necessary to make the loading capacitance within 
25 the transmission area higher than that of the reception area. 
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In order to form a high loading capacitance within the 
transmission area, it is necessary to enlarge the size of the 
conductive patterns 9 within the transmission area and to 
complicate the arrangement of those conductive patterns 9. 

5 The length of the signal transmitting lines within the 

transmission area 10 is equal to that of the reception area 
20, and so it is necessary to properly control both the 
loading capacitance and the coupling capacitance so as to 
accomplish the desired filtering characteristics of the 

10 duplexer dielectric filter. Such a capacitance may be 
properly controlled by changing the pattern and size of the 
conductive patterns 9. When the size of the dielectric block 
1 is reduced to achieve the desired compactness, smallness and 
lightness of the duplexer dielectric filter, the following 

15 problems may be generated: 

When forming the conductive patterns 9 through a screen 
printing process that is the most typical process, the line 
width or the line interval is about 150 |am. The maximiom 
loading capacitance is thus undesirably reduced in accordance 

20 with a reduction in the printed area for the conductive 
patterns 9 during such a screen printing process. Therefore, 
in the case of the transmission terminal, it is necessary to 
lengthen the signal transmitting line R so as to maintain the 
loading capacitance at a preset level, although it is desired 

25 to reduce the size of the duplexer dielectric filter. 
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On the other hand, the length of the signal transmitting 
lines within the reception area 20 is equal to that of the 
transmission area 10, and so the resonance frequency of the 
signal transmitting line is reduced in inverse proportion to 

5 the length of the signal transmitting line. In such a case, 
the size of the conductive patterns is reduced. Since the 
size of the conductive patterns within the reception area is 
smaller than that of the transmission area due to the coupling 
capacitance, there is a limit to the possible reduction in the 

10 size of the conductive patterns within the reception area. 
For example, when using a dielectric block that is thinner 
than a conventional dielectric block, the resonance frequency 
of the signal transmitting line is reduced, but the gap 
between the conductive patterns is increased due to the 

15 reduction in the size of the conductive patterns. This 
finally reduces the coupling capacitance. Therefore, it is 
almost impossible to form a coupling capacitance having a 
desired value. When the dielectric block is reduced in 
thickness, the length of the signal * transmitting line is 

20 increased in accordance with the preset loading capacitance . 
This finally reduces the market competitiveness of the 
resulting duplexer dielectric filter, since the production 
cost of such filters is undesirably increased. 

25 SUMMARY OF THE INVENTION 
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Accordingly, the present invention has been made keeping 
in mind the above problems occurring in the prior art, and an 
object of the present invention is to provide a duplexer 
dielectric filter, which has an open area free from a 
5 conductive layer on the side surface of a dielectric block 
within a reception area, thus properly controlling both the 
loading capacitance and the coupling capacitance of a 
resonator. 

Another object of the present invention is to provide a 

10 duplexer dielectric filter, which has an open area free from a 
conductive layer on the side surface of a dielectric block 
within a reception area, thus reducing the loading capacitance 
and increasing the coupling capacitance, and thereby producing 
a desired small-sized and light duplexer dielectric filter, 

15 In order to accomplish the above object, the present 

invention provides a duplexer dielectric filter, comprising: a 
dielectric block having an upper surface, a lower surface, and 
a side surface, with a conductive material coated on at least 
a part of the lower and side surfaces; a reception area for 

20 filtering a received signal, the reception area comprising at 
least one resonator including a resonating hole, the 
resonating hole completely extending from the upper surface to 
the lower surface of the dielectric block while being at least 
partially coated with a conductive material on its internal 

25 surface; a transmission area for filtering a signal to be 
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transmitted, the transmission area comprising at least one 
resonator including a resonating hole, the resonating hole 
completely extending from the upper surface to the lower 
surface of the dielectric block while being at least partially 

5 coated with a conductive material on its internal surface; a 
transmission terminal for accomplishing a signal transmission 
operation, the transmission terminal comprising an electrode 
area formed on the upper and side surfaces of the dielectric 
block at a position corresponding to the transmission area 

10 while being insulated from the conductive material coated on 
the side surface of the dielectric block; a reception terminal 
for accomplishing a signal reception operation, the reception 
terminal comprising an electrode area formed on the upper and 
side surfaces of the dielectric block at a position 

15 corresponding to the reception area while being insulated from 
the conductive material coated on the side surface of the 
dielectric block; an antenna terminal arranged between the 
reception and transmission areas and comprising an electrode 
area insulated from the conductive material coated on the side 

20 surface of the dielectric block; and an open area formed on at 
least a part of the side surface of the dielectric block at a 
position corresponding to the reception area while being free 
from a conductive material, the open area controlling both a 
coupling capacitance and a loading capacitance of the 

25 resonators . 
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In the above duplexer dielectric filter, the loading 
capacitance and the coupling capacitance is changed in 
accordance with the size of the open area defining the gap 
between the ground electrode and the resonators. The open 
area may be formed on the side surface of the dielectric block 
at one position or may be formed at a plurality of positions 
corresponding to the resonators within the reception area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and other 
advantages of the present invention will be more clearly 
understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a perspective view showing the construction of 
a conventional duplexer dielectric filter; 

Fig. 2 is an equivalent circuit diagram of the duplexer 
dielectric filter of Fig. 1; 

Fig. 3 is a perspective view showing the construction of 
a duplexer dielectric filter in accordance with the primary 
embodiment of the present inventions- 
Figs. 4A and 4B are perspective views, respectively 
showing the construction of duplexer dielectric filters in 
accordance with the second and third embodiments of the 
present invention; 
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Figs. 5A and 5B are views showing the values of both the 
loading capacitance and the coupling capacitance when forming 
an open area on the dielectric block of the filter; 

Fig. 6A is a perspective view showing the construction of 
5 a duplexer dielectric filter in accordance with the fourth 
embodiment of the present invention; and 

Fig. 6B is an equivalent circuit diagram of the duplexer 
dielectric filter of Fig. 6A. 

[0 DETAIIiED DESCRIPTION OF THE PREraiRRED EMBODIMENTS 



Fig. 3 is a perspective view showing the construction of 
a duplexer dielectric filter in accordance with the primary 
embodiment of the present invention. As shown in the drawing, 

15 the duplexer dielectric filter according to the present 
invention comprises a dielectric block 101 having a generally 
cubic-shape. The dielectric block 101 has an upper surface 
103, a lower surface, and a side surface 105. A series of 
resonating holes 107 are regularly and parallely formed in the 

20 dielectric block 101 in such a way that the holes 107 
completely extend from the upper surface 103 to the lower 
surface and are spaced apart from each other at regular 
intervals. A conductive material is coated on at least a part 
of the side surface 105 between the upper surface 103 and the 

25 lower surface, thus forming a ground electrode. The 
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resonating holes 107 are also coated with a conductive 
material on at least a part of their internal surfaces, 
thereby forming resonators. The upper surface 103 is provided 
with an open area free from such a conductive material- 

At least one conductive pattern 109, having a 
predetermined feize, is formed on the upper surface 103 of the 
/ dielectric bJock 101 at - a position around each of the 
resonating hJles 107. Such conductive patterns 109 are 
connected to fche conductive layers on the internal surfaces of 
10 the resonating holes 107, thus forming loading capacitance 
between the /resonating holes 107 and the conductive layer of 
the side surface 105 and forming coupling capacitance between 
neighboring/ resonators. The upper and side surfaces 103 and 
105 of the /dielectric block 101 are provided with transmission 
15 and rece/Jion terminals 112a and 112b for accomplishing the 
transmission and reception operation in addition to an antenna 
terminal >112c . 

The duplexer dielec|:ric filter of this invention has two 

filtering area and a second filtering 
signal from the antenna terminal is 
filtered by the first filtering area, the second filtering 
area filters the signauL to be transmitted from the end of an 
antenna. As is well kW^^n to those to skilled in the art, it 
is not always necessc.ry to specifically designate the 
25 reception area and the transmission area in a conventional 



filtering areas: a first 



20 area. When the received 
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dielectric filter. ih 
transmission area in a 
same construction ma^ 
manufacturer' s wishes 
that the designatior 



addition, the reception area and the 
duplexer dielectric filter having the 
be changed in accordance with the 
Therefore, it should be understood 
of the reception area and the 
transmission area in ApB duplexer dielectric filter of this 
invention is only for lease of description, but is not to be 
interpreted as, or used! for, any limitation of this invention. 

In the embodiment of Fig. 3, the three resonating holes, 
formed in the dielectric block at the left-hand side of the 
antenna terminal 112c, are included within the transmission 
area 110, at which high frequency signals are transmitted from 
the filter. On the other hand, the three resonating holes, 
formed in the dielectric block at the right-hand side of the 
antenna terminal 112c, are included within the reception area 
120, at which high frequency signals are received into the 
filter. Of course, it is not necessary to limit the niomber of 
the resonating holes within each filtering area. Of the two 
filtering areas, the reception area 120 passes the reception 
frequency components, but suppresses the transmission 
frequency components- On the other hand, the transmission 
area 110 passes the transmission frequency components, but 
suppresses the reception frequency components. 

An open area l2^^ree from any conductive layer is formed 
he side surface (ip4 of the dielectric block 101 within the 
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reception area 120. The ophn area 125 controls both the 
loading capacitance formed between the conductive patterns 109 
within the reception area 12^1 and the ground electrode of the 
side surface 105 and the / coupling capacitance between the 
conductive patterns 109. /y The control of both the loading 
capacitance and the coupling capacitance will be described in 
detail as follows, with deference to Figs. 5a and 5b. 

When two tesonators Rl, R2 are formed between the ground 
electrodes in tihe same manner as expected from a conventional 
o"" duplexer dieledtric filter as shown in Fig. 5A, a loading 



r(L capacitance 2Ct!l, 2Ct2 (Ctl is a random value) is formed 

Ik \ ^ 

between the res&nators Rl, R2 and the ground electrodes. In 

addition, a colipling capacitance^ l^Ctl2 (Ctl2 is a random 
value) is formed between the resonators Rl, R2 . On the other 

15 hand, when the gtound electrode is partially open as expected 
from the preseraffl invention as shown in Fig. 5B, a loading 
/Capacitance ICtlJfis formed between the resonators Rl, R2 and 
the ground ' electrodes . In addition, a coupling capacitance 
/2Ctl2 is formed bejiween the resonators Rl, R2 . 

20 When the open area 125 is formed on the side surface 105 

of the dielectric block 101 as described above, the loading 
capacitance is reduced, but the coupling capacitance is 
increased. Such a reduction in the loading capacitance 
results in an increase in the size of the conductive patterns 

25 109, Therefore, even when the thickness of the dielectric 
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block 101 is reduced below a reference level due to a 
reduction in the loading capacitance, it is possible to form 
conductive patterns 109 having a desired size within the 
reception area 120. Therefore, even though the coupling 
5 capacitance is reduced due to an increase in the distance 
between the conductive patterns 109 in the duplexer dielectric 
filter of this invention, the coupling capacitance is 
increased due to the open area on the ground electrode. It is 
thus possible to accomplish a desired coupling capacitance. 
10 The loading capacitance, formed between the conductive 

K n VPatterns 109 ind the ground electrodes, is changed in 
0^ accordance witlV the distance between the conductive patterns 
^ 109 and the griund electrodes. It is thus possible to control 
the loading ibapacitance of the resonating holes 107 by 
15 changing the /distance between the ground electrodes and the 
resonating hales 107 within the reception area 120. This may 
be accompli(sned by changing the shape of the open area 125, 
for e^cample,/ by forming a step on the open area 125 as shown 
in\the draw 

20 In the embodiment of Fig. 3, the open area 125 is formed 

on the front part of the side surface 105 of the dielectric 
block 101. However, it should be understood that the position 
of the open area 125 is not limited to the front part of the 
side surface 105. That is, the open area 125 may be formed on 
25 the rear part of the side surface 105 of the dielectric block 
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101. In such a case, the open area 125 performs the above- 
mentioned operational function, thus controlling the loading 
capacitance between the conductive patterns 109 and the ground 
electrodes. In other words, the open area 125 of this 

5 invention may be freely formed on any part of the side surface 
105 of the dielectric block 101 at a position corresponding to 
the resonating holes 107 within the reception area 120- The 
position of the open area 125 on the side surface 105 of the 
dielectric block 101 does not influence the operational 

10 function of the resulting duplexer dielectric filter of this 
invention. That is, the open area 125 of this invention may 
be formed on any part of the side surface 105 of the 
dielectric block 101 at a position corresponding to the 
resonating holes 107 within the reception area 120 without 

15 influencing the operational function of the resulting duplexer 
dielectric filter of this invention. 

In addition, two open areas 125 may be formed on the side 
surface 105 at opposite positions corresponding to the 
resonating holes 107 within the reception area 120. In such a 

20 case, it is possible to desirably reduce the size of each open 
area 125, different from the embodiment having one open area 
125 formed on only one part of the side surface 105. When two 
open areas 125 are formed on the side surface 105 at opposite 
positions corresponding to the resonating holes 107 within the 

25 reception area 120 as described above, it is possible to 
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accomplish a desired high loading capacitance between the 
ground electrodes and the resonating holes while desirably 
reducing the size of the open area 125, 

As described above, the shape of the open area 125 in the 
duplexer dielectric filter of this invention is not limited. 
In the primar^ embodiment of Fig. 3, the open area 125 is 
integrated with\ the open areas of both the reception terminal 
112b and the antenna terminal 112c . However, in the second 
embodiment of Fi\g. 4A, the open area 225 may be formed to be 
isolated from th^ open areas of both the reception terminal 
212b and the antenna terminal 212c. In addition, it is also 
possible to font a number of open areas at positions 

.formed on the 




corresponding to \:he conductive patterns 

-upper surface 203 df the dielectric blocks, lOiyas ' shown in Fig, 
4B, showing the thiJ^d embodiment of the present invention. In 
the second and thir^i embodiments, the open area 225 is not 
limited in its shap^ buj^--"rnay\be somewhat freely altered in 
shape while being spLe^ed apart trom the conductive patterns 
209 by a desired dis^^^fce. It is thus possible to form a 
desired loading capaditance . Particularly in the third 
embodiment of Fig. 4B, \\\e^ desired loading capacitance may be 
more easily formed by ma)^ing the sizes of the open areas 225, 
corresponding to the cond^uctive patterns 209, different from 
each other. 

Fig. 6A is a perspecti^^/ view showing the construction of 
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a duplexer diele/ctric filter in accordance with the fourth 
embodiment of thfe present invention. Fig. 6B is an equivalent 
circuit diagram/ of the duplexer dielectric filter of Fig. 6A. 
In the fourth fembodiment, the general shape of the duplexer 
dielectric fitter remains the same as that described for the 
primary embockpient of Fig. 3, but the structure of the open 
area 325 is e^l^erJ^^'^d' } 

In the \duplexer dielectric filter according to the fourth 
embodiment, M'n open area 325, having a predetermined size, is 
formed on \h\ side surface 305 of the dielectric block 301 at 
a position corresponding to the resonating holes 307 within 
the receptioii area. A conductive pattern 330, having a 
predetermined \length, is formed on the open area 325. In the 
fourth embodiment, the conductive pattern 330 extends in 
parallel to thfe side between the upper surface 303 and the 
side surface 305 of the dielectric block 301. However, it 
should be undfaitstood that the conductive pattern 330 may 
extend while bWing inclined to the side between the upper 
surface 303 and t^e side surface 305. 

As shown in the equivalent circuit diagram of Fig. 6B, 
the conductive pattern 330 acts as a means for giving a 
capacitance Cr2' to the r4donator Rr2' of the reception 
terminal. Due to the capacfiJdnce Cr2' added to the resonator 
Rr2', it is possible for tht duplexer dielectric filter to 
accomplish a desired reductioJi ratio at a low frequency band 
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within the receptiofi area, thus improving the signal filtering 
effect of the dupiexer dielectric filter. The value of the 
capacitance is controllable by changing the length of the 
conductive patternf 330 of Fig. 6A. That is, a capacitance is 
formed between th/e conductive pattern 330 and the resonating 
holes 307 of tjfie reception area in accordance with the 
overlapped structure of the conductive pattern 330 and the 
resonating ho'I^N 307, thus finally forming the desired 
capacitanc^ yPr2' . The value of the capacitance Cr2' is 
10 changed in accc/trdance with the distance between the conductive 
pattern 330 of/ the open area 325 and the conductive patterns 
309 around th^ resonating holes 307. That is, the value of 
the capacitaijce Cr2' is increased in proportion to the 
distance /between the conductive pattern 330 of the open area 
15 325 and the conductive patterns 309 around the resonating 
hol^ 307. 

In the fourth embodiment of the present invention, it is 
/T^ possible to form two \>r more conductive patterns 330 on the 

n addition, the shape of the open area 
at is, the conductive pattern 330 of 
be formed on an open area having any 




dielectric block 301. 
20 325 is not limited, 
the fourth embodiment 
shape in addition to t 
without affecting the fu 




shapes shown in Figs. 3, 4a and 4b 



ictioning of this inventxon. 
As described above, the present invention provides a 
25 duplexer dielectric filter having an open area free from a 
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conductive layer on the side surface of a dielectric block 
within a reception area, thus forming a desired loading 
capacitance and a desired coupling capacitance. Therefore, it 
is possible to achieve the desired filtering characteristics 

5 even with small-sized duplexer dielectric filters. In 
addition, a conductive pattern, having a predetermined size, 
is formed on the open area, thus adding an attenuation pole in 
the reception area of the duplexer dielectric filter. This 
improves the operational performance of the resulting duplexer 

10 dielectric filter. 

Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing 

15 from the scope and spirit of the invention as disclosed in the 
accompanying claims . 
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